Thermochemical Studies of Partially Miscible Liquid Pairs of Furfural with n-Hexane & n- Heptane by Lakhanpal, M. L. et al.
IDdian "ourDal of ChemistryVol. IS.•.•March1977. pp. 174·J711
ThermochemicalStudiesof PartiallyMiscible Liquid Pairs of
Furfural with n-Hexane& n-Heptane
M. L. LAKHANPAL, (Miss) SUSHMA GUPTA, GURCHARAN LAL & H. G. MANDAL
Departmentof Chemistry,PanjabUniversity,Chandigarh160014
Received26 APril 1976;accepted2 August 1976
Enthalpiesof mixingof the partiallymisciblebinarysolutionsof furfuralwith n-hexane
andn-heptanehavebeendeterminedat 26·9°and48·2°makinguseof isothermalphase-change
calorimeters.The liB". valuesat 48·2°arefoundto beabouttwotimesthevaluesat 26'9°at
correspondin~compositions.Suddendiscontinuitiesare observedin a plot of partialmolar
enthalpyversuscompositionat thecompositionscorrespondingto themaximummutualmis-
cibilitiesof thetwocomponents.
48·2°
40·10
108·4
212·2
261·5
290·0
340·1
347·3*
331'2*
314,0*
297,5*
260·1
208·0
178·4
112·1
62·26
31·21
8H".
(eal/mole)
X28Hm
(eal/mole)
FURFURAL (2)-n-HExANE (1)
15·02 0,00963
29·11 0'01905
57,00 0'03658
81·06 0,05640
107·0 0'06978
120-6 0'09237
133'0* 0·18111
142-1* 0'37216
152,2* 0'57760
160-0* 0'78563
162·3 0'89115
117·7 0'91687
98,06 0'93201
76'02 0'95802
45·10 0'97884
26·03 0'98942
FURFURAL (2)-n-HEPTANE (1)
37'45 0'01162 45'37
68,44 0'02280 87·44-
96'04 0'03266 142·1
117·2 0'04735 182'3
146'2 0'06340 224·0
151·9 0'08727 299-5
145'5* 0'20346 314,0*
138·0* 0'40570 281·1*
126,5* 0'61344 246,3*
109·1 0'81352 232,2*
99·07 0'91971 187·0
80·12 0'94183 143'3
54,36 0'95639 110'6
39·08 0'97058 75'07
18·13 0'98025 47,08
0'99007 22-97
·Valuesindicatethepartiallymiscibleregion.
X2
0·00457
0·00828
0·01711
0·02750
0·03607
0,04444
0·17945
0'36523
0'57239
0·78046
0·92259
0,94458
0'95519
0·96204
0,97679
0,98923
0·01127
0·02204
0·03293
0'04290
0,05304
0,05558
0·20646
0-40722
0·71688
0,94593
0,95057
0·96051
0·97041
0,97999
0'98991
TABLE 1- ENTHALPY OF MIXING OF THE SYSTEMS AT
VARIOUS COMPOSITIONS
stateis slightly ordereddueto hydregenbending.
On mixingwith unasseciatedselvmt, e.g.n-hexane
or n-heptanethe weakbendsin liquid furfl'ral are
rupturedbut to a lesserextentas ccmparedwith
formic acid solutiens repcrtedcarlie]l,i. This is
evidentfrem the lowervaluescf AH". for furfural
solutionsas cemparedwith formic acid sclutions
at the correspondingcompositiens.The higher
R earlierstudies1,2on enthalpiesof mixingof
partiallymisciblesystemshavebeenextended
to furfural (2)-n-hexane(1) and furfural
(2)-nieptane(1)systems. Theenthalpiesofmixing
of th se systemshave been determinedat 26'9°
and 8'2°.
Mat rials and Methods
Fu fural (AR) was purifiedas reportedearlier1.
n-He ane (AR) was kept overnighten anhydreus
calci mchlorideandwascccasienallygiventhorough
shaki g. It was repeatedlydistilledandthe frac-
tion istilling at 69°was collected. In a similar
way, -heptane(AR) distillingat98·4°wa.Ocollected.
Th mutualsolubilitiesof the cemponentswere
deter ined with the help of Zeissinterferometer.
The utual miscibilitiesof the liquid pairs being
small the experimentaltechniquefor obtaining
meanngful datahas to be of high precisicnand
acc cy.
Th determinationsof theenthalpiesof mixingof
the inary liquid pairs were carried cut by the
meth ds reportedearlier1•2.
Th enthalpyof mixingAH". for the two systems
at 2 '9° and 48·2° over the entire composition
regio aregivenin Table 1. It hasbeenshown1,2
that hevalueof AH". at any compositienoverthe
parti lly miscibleregion,givenby Eq. (1)
AR". =kk'x1-k" ...(1)
is a inear function of Xl (molefraction of cem-
pone t-l). In Eq. (1)
k =l/(x~-x~)
i k' =AH"'-AHb
andI' ". ".
k' =(xbAH'"_~AHb )/(x"'-xb)1 ". 1 ". 1 1
x; a d xt are the mole fractionsof component-l
at s turation solubilitiesof ccmponent-lin com-
pon~t-2 (phasea) and of component-2in ccmpo-
nen~l (phaseb), respectively. M':,. andAH~are
the hangesin enthalpyof mixingat x~andxt.
As observedfor other partially miscibleliquid
pair ,I, thesesystemsalso exhibit positivevalues
of ". which is expected1,!.Furfural in liquid
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Fig. 1- /).fl1 values for the system furfural (2)-n-hexane
(1) at various mole fraction of eomponent-2
increasesappreciablywith the increasein tem-
perature(26'9°to 48'2°),thesolubilityof n-hexane
in furfuralincreasesverylittle.
Partial molarenthalPYof mixi11€- The values
of thepartialmolarenthalpyAH1andAil. maybe
obtainedl.'from the tangentof the plots of AHm
versusmolefractionat a compositionin themiscible
regions. It follows from Eq. (1) that over the
partiallymiscibleregion
AliI (mix)=kk'-k" ...(2)
and
AH. (mix)=-k" ...(3)
The valuesof /1H':,.,/1H~, k, k', k" and hence
AH1(mix)andAHz(mix)fortheinvestigatedsystems
at 26'9°and 48'2°are reportedin Table 2. As a
typicalcase,theAjj~valuesfor thesystemfurfural
(2)-n-hexane(1) have beenillustratedin Fig. 1.
Thesevaluesindicate that (i) the partial molar
enthalpyof mixingvaluesremainconstantoverthe
partiallymiscibleregionof composition,(ii) sudden
discontinuitiesareobservedin a plct of An; versus
compositionat compositicnscorrespondingto maxi-
mummutual miscibilitiesof the two components
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valuesof Affm of the partially misciblesystem1•1
furfural (2)-cyc1ohexane(1) than the values of
l1H", for the presentsystemsindicate that the
ring structuredcyclohexanemoleculesrupturethe
weak bonds in furfural more effectively than
the straight chain n-hexane. This may be due
to the flexibilityof theopenchainsystemsandits
relativeeaseto mix with furfural. The magnitude
of AtI". valuesof furfural (2)-n-hexane(1)system
is slightlyhigherthanthefurfural(2)-n-heptane(1)
system,indicatingthattheweakbondsareruptured
moreeffectivelyin the formersystem. The intro-
ductionof one-CHI groupin n-heptanemolecule
increasesthe length of the moleculeand hence
givesit greaterflexibility.
The AYm valuesat 48·2°are about two times
the valuesat 26'9°at the correspondingcompo-
sitions. This may appearunusualsinceArtm for
{;ompletelymisciblesystemsareknownto haveonly
a smalltemperaturedependence.It is commonly
observedthat when hydrogenbondingis absent
betweenmoleculesof pure liquids or in solution,
A Tfm varies only slightly with increasein tem-
perature. The temperaturedependenceobserved
in the systemsunderstudy can be attributedto
significantrupture of the weak bonds in the
structuralcomponenttherebydecreasingthecontacts
betweensimilarmolecules.In otherwords,it may
be said that thesesolutionssuffersharp decline
from highly positive deviationstowardsideality
as the temperatllreincreases.
From the perusalof the valuesof ATJ':,. and
AH~ for the various partially misciblesystems,
it is found that AH':.. >/1H~ whenthe solubility
of component-2in component-l(phasea) is greater
than that of the solubility of component-lin
{;omponent-2(phaseb), and vice versa. This is
to be expectedsince/1Hm valuesincreasesharply
from zero value as the mole fraction increases.
In view of the above,it is not surprisingthat
Aff':,. is less than Aff~ for acetic anhydride
(2)-cyclohexane(1),furfural(2)-cyclohexane(1)and
furfural(2)-n-hexane(1)systems. In almostall the
,casesinvestigatedso far, if AHm is greateror
lesserthan AH~ at 26'9°,the sameis foundto be
trueat48'2°exceptthecaseof furfural(2)-n-hexane
(1) system. In this systemAH':,. is smallerthan
AH~at 26'9°but AH':,. is greaterthan AH~ at
48'2°. This may be justifiedin view of the fact
that whereasthe solubilityof furfuralin n-hexane
TABLE 2 - VALUES OF THE DIFFERENT PARAMETERSIN EQ. (2) FOR THE Two SYSTEMS
Temp.
/)'H':,./)'H~xaxbh 'h'/)'H1 (mix)/).111(mix)
1
1
(CO)
(eal/mole) (eal/mole)(eal/ ole)( l/ l )
FURFURAL (2)-n-HExANE(1)26·9
127·0168·50'9540·0861-1 2-4 -5- 72-67 -624 8
48·2
3529 1022 86 ·-28 ,1 ·13 0
FURFURAL (2)-n-HEPTANE(1)·
4751 41 853 7
48·2
3 636·081,1 747,9
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(.x~ d x~), and (iii) the valuesof AH.(mix) lie
betwen the valuesof partial molar enthalpyof
mixi g at the saturationsolubilitiesof the two
com onents(x~and .xV.
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